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Optimizing of ultrasonic wave-assisted extraction process of
tea-polyphenols substance from green tea

SONG Chuan-kui, XIAO Bin, WANG Yan-li, LI Rui,SONG Hong-xia

(College of Horticulture s Northwest A& F University sYangling s Shaanzi 712100, China)

Abstract: [Objective] The present study aimed to optimize ultrasonic wave-assisted extraction process
of tea-polyphenols substance to provide theoretical parameters for its exploiture extraction and comprehen-
sive utilization. [ Method] With Ziyang population variety as test material, quadratic orthogonal rotation
combination design was used to optimize ultrasonic wave-assisted extraction process of tea- polyphenols
substance. [Result] A quadratic regression orthogonal model was established to express the relationship
between total polyphenol yield and five factors including ratio of solid to liquid, ethanol concentration, ul-
trasonic time, ultrasonic temperature and ultrasonic Power; Equation fit test P<C0. 000 1, coefficient of de-
termination R*= 0. 926 0,loss of fit test P=0. 223 4>>0. 05 not significant, the model was extremely sig-
nificant,and there was no loss of fit factors,regression models with the measured values can be well fitted.
The factor order on extraction yield from strong to weak was ratio of solid to liquid > ethanol
concentrationultrasonic temperature > ultrasonic time > ultrasonic Power. According to this model, the
best extraction technology is based on ultrasonic extraction at 72.1 °C,248.4 W for 37. 6 min using 77. 6%
ethanol and 1 : 35. 8(g/mL) of green tea and liquid. [Conclusion) The optimal ultrasonic wave-assisted ex-

traction conditions were determined. On the conditions the highest yield of tea-polyphenols was 21. 78 %.
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Compared to the traditional organic solvent extraction method at the same condition, the yield of TP was

enhanced by 8.56% and the extraction time was reduced.

Key words: tea polyphenols;extraction yield;ultrasonic wave-assisted extraction;process optimization
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Table 1 Variables and levels in five-variable, five-level quadratic orthogonal rotation combination design
[X % Factors
K . iR A . . ; . 7
o B (L) I (X)) ﬁ%ﬁff)*/% I i) (X)) /min WHE (X)) /C U
Solid/ Liquid - . Time Temperature L
Ethanol concentration Ultrasonic power

—2 1:8 40 15 25 200
—1 1:16 50 20 40 250

0 1:24 60 25 55 300

1 1:32 70 30 70 350

2 1:40 80 35 85 400
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Table 2 Arrangement of three-factor,five-level quadratic orthogonal rotation combination design and

experimental data of ultrasonic wave-assisted extraction process of tea-polyphenols substance from green tea

No. Solid/Liquid concentration Ultrasonic time temperature power Yield
1 1 1 1 1 1 20.452 2
2 1 1 1 —1 —1 20,2255
3 1 1 —1 1 —1 19. 301 5
4 1 1 —1 —1 1 19.127 4
5 1 —1 1 1 —1 18.539 7
6 1 —1 1 —1 1 18.496 1
7 1 —1 —1 1 1 18. 361 9
8 1 —1 —1 —1 —1 18. 530 4
9 —1 1 1 1 —1 18.926 2
10 —1 1 1 —1 1 18.578 3
11 —1 1 —1 1 1 17.799 3
12 —1 1 —1 —1 —1 18.084 0
13 —1 —1 1 1 1 16.305 1
14 —1 —1 1 —1 —1 17.508 1
15 —1 —1 —1 1 —1 16. 847 9
16 —1 —1 —1 —1 1 19.179 6
17 2 0 0 0 0 20.676 3
18 —2 0 0 0 0 16.394 0
19 0 2 0 0 0 20.2317
20 0 —2 0 0 0 17.041 5
21 0 0 2 0 0 18.669 8
22 0 0 —2 0 0 19.141 9
23 0 0 0 2 0 19.187 6
24 0 0 0 —2 0 18.409 9
25 0 0 0 0 2 19.426 5
26 0 0 0 0 —2 19. 386 5
27 0 0 0 0 0 20,3237
28 0 0 0 0 0 20.232 3
29 0 0 0 0 0 20.391 6
30 0 0 0 0 0 21.292 4
31 0 0 0 0 0 21.335 3
32 0 0 0 0 0 20.352 3
33 0 0 0 0 0 20.017 1
34 0 0 0 0 0 21.267 1
35 0 0 0 0 0 20.628 8
36 0 0 0 0 0 21.118 3
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Table 3 Model coefficients estimated by multiples linear regression of ultrasonic wave-assisted extraction

process of tea-polyphenols substance from green tea

BT i TR 1 TR T P
Parameter df Estimate Standard error t value Pr>|t|

# M Intercept 1 20. 682 6 0.178 8 115. 69 <0. 000 1
X 1 0.7655 0.117 0 6.54 <20. 000 1

X 1 0.629 4 0.117 0 5.38 <20.000 1

X3 1 0.035 6 0.117 0 0. 30 0.765 0

X, 1 —0.068 3 0.117 0 —0.58 0.568 0

X; 1 0.017 4 0.117 0 0.15 0.884 1

X? 1 —0.520 2 0.101 4 —5.13 0.000 1

X3 1 —0.494 9 0.101 4 —4.88 0. 000 2

X3 1 —0.427 6 0.101 4 —4.22 0.000 7

X1 1 —0.454 3 0.101 4 —4.48 0. 000 4

Xz 1 —0.302 4 0.101 4 —2.98 0.009 3
XX, 1 0.102 0 0.143 3 0.71 0.487 8
XXy 1 0.186 6 0.143 3 1. 30 0.212 7
X3 X> 1 0.371 3 0.143 3 2.59 0.020 5
XXy 1 0.234 2 0.143 3 1.63 0.1231
X1 X, 1 0.2577 0.143 3 1. 80 0.092 3
X1 X5 1 0.126 6 0.143 3 0.88 0.391 0
X5 Xy 1 —0.041 0 0.143 3 —0.29 0.778 9
X5 X» 1 —0.0935 0.143 3 —0.65 0.523 9
X5 X5 1 —0.192 0 0.143 3 —1.34 0.200 3
X5 Xy 1 —0.108 1 0.143 3 —0.75 0.462 3

T UL [T U AR R A A AR R A D X TP 4@
YRR T 1) TR E L 0[] U9 07 R A A% (] U IR

TH R B 25 L 4 I 5,

F4 BERBHRIN TP MAAENAESH

Table 4 The table of analysis of orthogonal test on regression equation of ultrasonic wave-assisted

extraction process of tea-polyphenols substance from green tea

VE3. 3 H 7 Y75 F 18 PH
Source of variance df Sum of squares Mean square F value Pr>F
[l )94 Total model 20 61.668 4 0.926 0 9.38 <<0. 0001
% 2% Total error 15 4.931 4 0.328 8

Bl Total sum 35

mE A, FRMAKE F=29.38,P<
0.000 1,352 2% R?=0. 926 0,3 0% 5 FE A8 8 3k
B 2 KL UL B BT 2R A Uk [ ) AR A 5 Y
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Table 5 The table of analysis of orthogonal test on regression equation of ultrasonic wave-assisted

extraction process of tea-polyphenols substance from green tea

TR i T 55 P PR
Source of variance df Sum of squares Mean square F value Pr>F
— I Linear 5 23.719 7 0.356 2 14.43 <20.000 1
Z R Quadratic 5 31.878 7 0.478 7 19. 39 <£0.000 1
2% H. 35 Crossproduct 10 6.070 0 0.091 1 1.85 0.137 2
Je I Lack of fit 6 2.632 6 0.438 8 1.72 0.223 4
4l % Pure error 9 2.298 7 0.255 4
iR % Total error 15 4.931 4 0.328 8
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Fig. 1 Effects of single factor of ultrasonic wave-assisted extraction process of tea-polyphenols substance from green tea
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Fig. 2 Response surface graph of the ethanol
concentration and the time ultrasonic process
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Optimizing value and validation on ultrasonic wave-assisted extraction process of

tea-polyphenols substance from green tea
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Factors Theoretical Theor.e‘lwal Thegrellcal Expelﬁlmemal 2/ %
codes condition yield yield RSD
B (X1 Solid/Liquid 1.478 5 1:35.8
LR 43 %0 (X2) Ethanol concentration 1.755 0 77.6%
# 7 A A (X3) Ultrasonic time 1.526 6 37.6 min 21.78 21.47 0. 839
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